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There were advantages, for nonlinear optical (NLO) poled polymer materials, of large 
nonlinear optical coefficient, low permittivity, easy processing and monolithic 
integration.It was thus expected that they played an important role in the field of 
integrated optics, especially high performance photonic devices, such as high-speed 
optical switches, tunable filters and broadband optical modulators. In recent years, 
organic-inorganic hybrid materials have drawn much attention, as involve the 
advantages of both organic and inorganic phases such as high transmitance, great 
flexibility and better stability and toughness.  
In this thesis, two kinds of NLO polymer thin films including 
ploymer/chromophore guest-host, organic-inorganic hybrid/chromophore were 
successfully prepared by dip-coating technique, and a Y-type optical waveguide was 
obtained using hybrid film as core layer with photo-bleaching technique. 
Azo-dye polymer films of the guest-host system were prepared with disperse 
red-1 (DR1) as NLO active chromphore and poly (methylm ethacrylate) (PMMA) as 
polymer matrix. The Tg of poled polymer with 10wt% DR1 (PR-10) was 94℃, while 
that of PMMA was 105℃. The poling condition was optimized and the optimal 
orientation order parameter (Φ) of PR-10 was estimated to be 0.182. After 30d at 
room temperature, the Φ value of the poled films decreased into about 70%, showing 
bad relaxation-resistance. NLO coefficient (d33) of 1.90×10-8 esu was reached for the 
film after corona poling by the SHG measurement.  
Using the MMA as organic component, TEOS as inorganic component, MSMA 
as coupling agent, the organic-inorganic hybrid PMMA/SiO2 was also synthesized 
successfully via sol-gel route. Hydrid films of PMMA/SiO2/DR1 were developed. The 
Tg of hybrid sample PCR-0.6 with n(TEOS)/[n(MMA)+n(MSMA)]=0.6 was 165℃, 
much higher than that of PR-10. The hybrid films showed excellent stability of 
















initial value at room temperature for 60d. 
Meanwhile, a Y-type optical waveguide was obtained using PMMA/SiO2/DR1 as 
the core layer and PMMA/SiO2 as the substrate with photo-bleaching technique, and 
the preparation parameter was optimized in details, especially the fabricaiton of 
Al-mask and its effect on properties of films with photo-bleaching. The optical 
properties of the Y-type optical waveguide were testd with the coupling optical fiber, 
in which the optical power ratio was 44:56 for two branches and the optical loss was 
around 9dB with a powermeter.  

















   
 
目 录 
摘 要·························································································································· I 
Abstract ··················································································································· II 
 
第一章 绪 论 ·········································································································1 
1.1 研究背景······································································································ 1 
1.2 非线性光学效应 ·························································································· 3 
1.2.1 电光效应 ··························································································· 3 
1.2.2 倍频效应 ··························································································· 3 
1.2.3 光折变效应 ······················································································· 4 
1.3 非线性光学材料 ·························································································· 4 
1.3.1 无机倍频材料 ··················································································· 5 
1.3.2 半导体材料 ······················································································· 5 
1.3.3 有机及聚合物材料 ··········································································· 6 
1.4 极化聚合物·································································································· 7 
1.4.1 极化聚合物的概念 ··········································································· 7 
1.4.2 极化聚合物的种类 ··········································································· 8 
1.4.2.1 主客体掺杂型 ········································································ 8 
1.4.2.2 主客一体型 ············································································ 9 
1.4.3 极化聚合物的应用 ··········································································12 
1.5 本课题的研究意义及主要内容 ·································································13 
1.5.1 本课题的研究意义 ··········································································13 
1.5.2 本课题的主要内容 ··········································································13 
 
第二章 实验药品及表征手段··········································································14 
2.1 制备 PMMA 基极化聚合物薄膜的实验原料 ···············································14 
2.1.1 原料试剂 ··························································································14 
2.1.2 承载聚合物薄膜的基片 ··································································15 
2.1.3 薄膜制备实验使用的仪器设备·······················································15 
2.2 聚合物材料及其薄膜性能的表征方法 ······················································15 
 
第三章 主客体掺杂型极化聚合物薄膜的制备与性能····························17 
3.1 引 言···········································································································17 
3.2 聚甲基丙烯酸甲酯的制备 ·········································································18 














   
3.3.1 有机溶剂 ··························································································20 
3.3.2 成膜方式 ··························································································21 
3.3.3 溶液浓度 ··························································································23 
3.4 极化聚合物薄膜的结构与性能表征 ·························································23 
3.4.1 聚合物薄膜的 SEM 照片 ··································································23 
3.4.2 极化聚合物的 XRD 谱 ······································································25 
3.4.3 极化聚合物的 DSC 曲线 ··································································25 
3.4.4 聚合物薄膜的一般光学特性···························································27 




3.4.6.1 聚合物薄膜的极化及生色团取向序参数 ·····························30 
3.4.6.2 聚合物薄膜的极化取向稳定性 ············································33 




4.1 引 言···········································································································36 
4.2 有机/无机杂化聚合物 PMMA/SiO2的制备 ·················································36 
4.3 有机/无机杂化型二阶非线性光学材料的制备········································39 
4.4 有机/无机杂化型二阶非线性光学材料的结构与性能····························40 
4.4.1 杂化薄膜的 SEM 照片 ······································································40 
4.4.2 杂化材料 XRD 谱 ··············································································41 
4.4.3 杂化材料的热性能 ··········································································42 
4.4.3.1 杂化材料的 TGA 曲线····························································42 
4.4.3.2 杂化材料的 DSC 曲线····························································43 
4.4.4 杂化材料的耐溶剂性能 ··································································45 
4.4.5 杂化薄膜的一般光学性能·······························································46 
4.4.5.1 杂化薄膜的 UV-vis 吸收曲线 ··············································46 
4.4.5.2 杂化薄膜的透过率 ·······························································47 
4.4.5.3 杂化薄膜的折射率 ·······························································48 
4.4.6 杂化薄膜的非线性光学特性···························································49 




第五章 PMMA 基极化聚合物光波导的研制 ·················································53 
5.1 引 言···········································································································53 
5.2 Y 型光波导的制备 ······················································································54 
5.2.1 下包层与芯层的制备 ······································································56 














   
5.2.3 光漂白工艺 ······················································································60 
5.2.4 实际 Y型光波导的结构 ··································································63 





6.2 极化温度对极化效果的影响 ·····································································70 
6.3 极化时间对极化效果的影响 ·····································································71 
6.4 极化电压对极化效果的影响 ·····································································71 





















   
 
Contents 
Abstract in Chinese ······························································································ I 
Abstract in English ······························································································ II 
 
Chapter 1  Introduction ····················································································1 
1.1 Backgroud of research ················································································· 1 
1.2 Nonlinear optical effects ············································································· 3 
1.2.1 Electro-optical effect ············································································ 3 
1.2.2 Secound harmonic generation······························································· 3 
1.2.3 Photo refractive effect ········································································· 4 
1.3 Nonlinear optical materials·········································································· 4 
1.3.1 Inorganic multiple frequency materials················································· 5 
1.3.2 Semiconductor materials ······································································ 5 
1.3.3 Organic and polymeric materials ·························································· 6 
1.4 Poled polymers······························································································ 7 
1.4.1 Conception of poled polymer································································ 7 
1.4.2 Types of poled polymers ······································································ 8 
1.4.2.1 Guest-host systems ····································································· 8 
1.4.2.2 Functionalized systems ······························································· 9 
1.4.3 Applications of poled polymer·····························································12 
1.5 Significance and contents of this thesis ······················································13 
1.5.1 Significance of this thesis ····································································13 
1.5.2 Contents of the thesis···········································································13 
 
 Chapter 2  Chemical reagents and characterization methods··········14 
2.1 Raw reagants for polymer films ·································································14 
2.1.1 Raw reagants ·······················································································14 
2.1.2 Glass substrates for films·····································································15 
2.1.3 Instruments for flims ···········································································15 
2.2 Characterization methods for polymer materials and films ·····················15 
 
 Chapter 3  Preparation and characteriazaion of guest-host doping 
poled polymer films ····························································································17 
3.1 Introduction ·································································································17 
3.2 Synthesis of PMMA ·····················································································18 
3.3 Preparation of guest-host doping poled polymer films ·····························19 














   
3.3.2 Coating methods··················································································21 
3.3.3 Concentration of polymer solution ······················································23 
3.4 Characteriazaion of poled polymer films···················································23 
3.4.1 SEM images of polymer films ·····························································23 
3.4.2 XRD spectra of poled polymers···························································25 
3.4.3 DSC curves of poled polymers ····························································25 
3.4.4 Optical properties of polymer films ·····················································27 
3.4.4.1 UV-vis absorption of polymer films ··········································27 
3.4.4.2 Transmittance of polymer films ·················································28 
3.4.4.3 Refractive index of polymer films··············································29 
3.4.6 Nonlinear optical properties of polymer films ·····································30 
3.4.6.1 Poling and order parameter of polymer films·····························30 
3.4.6.2 Stability of chromophore molecules ordered in films·················33 
3.4.6.3 Seconde-order NLO coefficient of polymer films······················34 
3.5 Summary ······································································································35 
 
 Chapter 4  Preparation and characteriazaion of organic-inorganic 
hybrid films ···········································································································36 
4.1 Introduction ·································································································36 
4.2 Synthesis of hybrid PMMA/SiO2 ································································36 
4.3 Preparation of NLO hybrid films ·······························································39 
4.4 Characteriazaion of NLO hybrid films ······················································40 
4.4.1 SEM images of hybrid flims································································40 
4.4.2 XRD spectra of hybrid materials··························································41 
4.4.3 Thermal properties of hybrid materials················································42 
4.4.4 Solvent resistance of hybrid material···················································45 
4.4.5 Optical properties of hybrid films ························································46 
4.4.5.1 UV-vis absorption of hybrid films ·············································46 
4.4.5.2 Transmittance of hybrid films ····················································47 
4.4.5.3 Refractive index of hybrid films ················································48 
4.4.6 Nonlinear optical properties of hybrid films ········································49 
4.4.6.1 Poling and order parameter of hybrid films ·······························49 
4.4.6.2 Stability of chromophore molecules ordered in hybrid films ·····50 
4.5 Summary ······································································································52 
 
 Chapter 5  Fabrication of optical waveguide with modified PMMA 
poled polymer ·······································································································53 
5.1 Introduction ·································································································53 
5.2 Fabrication of Y-type optical waveguide····················································54 














   
5.2.2 Fabricaiton of Al-mask ········································································57 
5.2.3 Photo-bleaching technique···································································60 
5.2.4 Configuration of practical Y-type optical waveguide ··························63 
5.3 Optical testing of Y-type optical waveguide ···············································64 
5.4 Summary ······································································································66 
 
 Chapter 6  Discussion of corona poling mechanism ····························67 
6.1 Introduction ·································································································67 
6.2 Effect of poling temperaure on poling efficiency·······································70 
6.3 Effect of poling time on poling efficiency ···················································71 
6.4 Effect of poling voltage on poling efficiency ··············································71 
6.5 Effect of poling with two needles on poling efficiency·······························72 






































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
